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POLICY ENFORCEMENT DELAYS

BACKGROUND

Modern computing networks provide access to a wide
variety of computing resources such as data archives, search
engines, data processing, data management, communica-
tions, electronic marketplaces, as well as media and enter-
tainment services. As the number and size of such comput-
ing resources, and their user communities, have grown and
become more sophisticated, a need has arisen to establish
increasingly sophisticated usage policies. For example, such
policies may include policies that address security, privacy,
access, regulatory and cost concerns. However, conven-
tional approaches to policy enforcement have drawbacks.

For example, conventional approaches to policy enforce-
ment can be ad hoc, limited to a particular type of computing
resource and/or limited to a particular set of policy controls.
In heterogeneous computing environments incorporating
even a modest number of computing resource types, an ad
hoc approach can be a significant administrative burden. In
addition, some conventional approaches scale poorly as the
number of computing resources grows large. Small admin-
istrative and/or performance inefficiencies can become prob-
lematic at larger scales. Some conventional approaches lack
a centralized policy management service which can hamper
consistent policy management in distributed computing
environments. Some conventional approaches are limited to
centralized policy management, which can be insufficiently
flexible in response to changing requirements. Policy set
complexity can also be a problem for some conventional
approaches to policy enforcement.

BRIEF DESCRIPTION OF THE DRAWINGS

Various embodiments in accordance with the present
disclosure will be described with reference to the drawings,
in which:

FIG. 1 shows a diagram illustrating various aspects of the
present disclosure;

FIG. 2 shows an illustrative example of an environment in
which various embodiments can be implemented;

FIG. 3 shows an illustrative example of a service and
components that may comprise the service in accordance
with at least one embodiment;

FIG. 4 shows an illustrative example of a policy manage-
ment service and components that may comprise the policy
management service in accordance with at least one embodi-
ment;

FIG. 5 shows an illustrative example of a policy document
in accordance with at least one embodiment;

FIG. 6 shows an illustrative example of a policy document
in accordance with at least one embodiment;

FIG. 7 shows an illustrative example of a statement of a
policy document in accordance with at least one embodi-
ment;

FIG. 8 shows an illustrative example of a process for
fulfilling requests in accordance with at least one embodi-
ment;

FIG. 9 shows an illustrative example of a process for
fulfilling requests to change policy in accordance with at
least one embodiment;

FIG. 10 shows an illustrative example of a process for
managing policies in accordance with at least one embodi-
ment; and
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FIG. 11 illustrates an environment in which various
embodiments can be implemented.

DETAILED DESCRIPTION

In the following description, various embodiments will be
described. For purposes of explanation, specific configura-
tions and details are set forth in order to provide a thorough
understanding of the embodiments. However, it will also be
apparent to one skilled in the art that the embodiments may
be practiced without the specific details. Furthermore, well-
known features may be omitted or simplified in order not to
obscure the embodiment being described.

Techniques described and suggested herein relate to effec-
tive management of policies in connection with computing
resources. A set of policies may be enforced by a computer
system to control access to various computing resources.
The set of policies may be configurable so that users can add
to and/or otherwise change the set of policies as desired. In
various embodiments, policies control the ability to change
a set of policies. Policies may be crafted, for example, to
limit those who are able to change the policies, to limit what
changes can be made and otherwise to help ensure that
policy changes are beneficial to an entity on behalf of whom
the policies are enforced.

In some embodiments, a system enforces a delay before
changes to a set of policies become effective. The delay can
be generally enforced by the system or may be enforced due
to a policy that requires the delay. In an embodiment, when
a request to add a policy is received, the request may be
approved (e.g., allowed to be fulfilled) or denied based at
least in part on whether the request is submitted in accor-
dance with the required delay. For example, the policy
requested to be added may include information, such as a
future time or a duration defining a delay, that indicates
when the policy should become effective. As another
example, the request may be in the form of an application
programming interface (API) call with a parameter that
specifies information that indicates when the policy should
become effective. The request to add the policy may be
fulfilled if the information indicating when the policy should
become effective complies with the requirement. In other
words, the request may be allowed based at least in part on
whether the requested policy addition indicates a delay that
is greater than or equal to that which is required. When a
request is allowed to be fulfilled, the system may enable a
corresponding policy to become effective in accordance with
the information that indicates when the policy should
become effective. As discussed below, after enabling the
policy to become effective at a future time, the policy may
be cancellable before going into effect. Upon cancellation of
the policy, the policy may become disenabled from going
into effect.

In various embodiments, when a user submits a request to
change policy (e.g., add a policy to a set of policies), one or
more notifications are triggered. A notification system (e.g.,
electronic mail system or other system that provides notifi-
cations) may be notified and, as a result, may send notifi-
cations to one or more specified parties (e.g. one or more
policy administrators, compliance officers and/or others).
The one or more parties may be specified in a policy on
adding/changing policy or in another manner and may be
specified, in the policy on adding/changing policy, as having
authority to cancel policies whose effectiveness is required
to be delayed. The notification may also include a mecha-
nism for cancelling the policy change, such as a hyperlink
that, if selected, causes the policy change to be cancelled. In
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this manner, a specified party may be provided opportunity
to cancel a policy change that would otherwise allow to
become effective after the required delay. Further, the con-
ditions for cancelling a policy change that has not become
effective (i.e., a policy change that is not yet enforced by the
system) may be less stringent than the conditions for can-
celling a policy change that has become effective. For
instance, the requirements for cancelling a policy not yet in
effect may be lower (less stringent) than the requirements for
cancelling a policy already in effect. For example, greater
authentication requirements may be present for policies
already in effect than policies not yet in effect. Further,
cancellation of a policy already in effect may require a
policy-specified delay whereas cancellation of a policy not
yet in effect may not require the delay or may require a
shorter delay. Numerous variations are considered as being
within the scope of the present disclosure, including, but not
limited to, those variations discussed explicitly below.

FIG. 1 is a diagram illustrating various aspects of the
present disclosure. As discussed above, systems operating in
accordance with the various embodiments described herein
allow for effective management of dynamic policy sets. In
various embodiments, authorized users may update system
policies for various computing resources. Users may, for
instance, utilize computer systems that submit appropriately
configured application programming interface (API) calls,
such as web service calls, to a policy management system of
a service provider. As illustrated in FIG. 1, various aspects
of the present disclosure relate to delays before requested
policy changes become effective. In some embodiments, as
illustrated by the hourglass in the figure, a policy manage-
ment system enforces a delay before policies become effec-
tive. In addition, as illustrated by the alarm bell in the figure,
various alarms may be implemented as a result of certain
types of requests to change a set of policies. Alarms may be
implemented in various ways, such as by electronic notifi-
cation, enhanced audit logging, actual alarms and, generally,
in any manner that provides notice to one or more interested
parties regarding the requested policy change. In this man-
ner, an interested party, such as a policy administrator, has
the opportunity to cancel the policy change before it
becomes effective. As discussed in more detail below,
enforced delays before policies become effective allow for
robust administrative control over which policies a system
enforces.

FIG. 2 shows an illustrated example of an environment
200 in which various embodiments of the present disclosure
may be practiced. In the environment 200, a computing
resource service provider 202 may provide a variety of
services to a customer 204. The customer 204 may be an
organization that may utilize the various services provided
by the computing resource service provider 202 to maintain
and deliver information to its employees, which may be
located in various geographical locations. Additionally, the
customer 204 may be an individual that could utilize the
various services to deliver content to a working group
located remotely. As illustrated in FIG. 2, the customer 204
may communicate with the computing resource service
provider 202 through one or more communications networks
206, such as the Internet. Some communications from the
customer 204 to the computing resource service provider
202 may cause the computing resource service provider 202
to operate in accordance with various techniques described
herein or variations thereof.

As noted above, a computing resource service provider
202 may provide various computing resource services 1o its
customers. The services provided by the computing resource
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service provider, in this example, include a virtual computer
system service 208, a block-level data storage service 210,
a cryptography service 212 (also referred to as a key
management service), an on-demand data storage service
214 and one or more other services 218, although not all
embodiments of the present disclosure will include all such
services and additional services may be provided in addition
to or as an alternative to services explicitly described herein.
Each of the services may include one or more web service
interfaces that enable the customer 204 to submit appropri-
ately configured API calls to the various services through
web service requests. In addition, each of the services may
include one or more service interfaces that enable the
services to access each other (e.g., to enable a virtual
computer system of the virtual computer system service 208
to store data in or retrieve data from the on-demand data
storage service and/or to access one or more block-level data
storage devices provided by the block data storage service).

The virtual computer system service 208 may be a col-
lection of computing resources configured to instantiate
virtual machine instances onto virtual computing systems on
behalf of the customers 204 of the computing resource
service provider 202. Customers 204 of the computing
resource service provider 202 may interact with the virtual
computer systems’ service (via appropriately configured and
authenticated API calls) to provision and operate virtual
computer systems that are instantiated on physical comput-
ing devices hosted and operated by the computing resource
service provider 202. The virtual computer systems may be
used for various purposes, such as to operate as servers
supporting a website, to operate business applications or,
generally, to serve as computing power for the customer.
Other applications for the virtual computer systems may be
to support database applications, electronic commerce appli-
cations, business applications and/or other applications.

The block-level data storage service 210 may comprise a
collection of computing resources that collectively operate
to store data for a customer 204 using block-level storage
devices (and/or virtualizations thereof). The block-level
storage devices of the block-level data storage service 210
may, for instance, be operationally attached to virtual com-
puter systems provided by the virtual computer system
service 208 to serve as logical units (e.g., virtual drives) for
the computer systems. A block-level storage device may
enable the persistent storage of data used/generated by a
corresponding virtual computer system where the virtual
computer system service 208 may only provide ephemeral
data storage.

As illustrated in FIG. 2, the computing resource service
provider 202 may operate a cryptography service, which is
described in more detail below in connection with FIG. 3.
Generally, the cryptography service may be a collection of
computing resources collectively configured to manage and
use cryptographic keys for customers of the computing
resource service provider. Keys used by the cryptography
service 212 may have associated identifiers that the custom-
ers can reference when submitting requests to perform
cryptographic operations (such as encryption, decryption
and message signing) and/or other operations, such as key
rotation. The cryptography service may securely maintain
the cryptographic keys to avoid access by unauthorized
parties.

The computing resource service provider 202 may also
include an on-demand data storage service. The on-demand
data storage service 214 may be a collection of computing
resources configured to synchronously process requests to
store and/or access data. The on-demand data storage service
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214 may operate using computing resources (e.g., databases)
that enable the on-demand data storage service 214 to locate
and retrieve data quickly, so as to allow data to be provided
in responses to requests for the data. For example, the
on-demand data storage service may maintain stored data in
a manner such that, when a request for a data object is
retrieved, the data object can be provided (or streaming of
the data object can be initiated) in a response to the request.
As noted, data stored in the on-demand data storage service
214 may be organized into data objects. The data objects
may have arbitrary sizes except, perhaps, for certain con-
straints on size. Thus, the on-demand data storage service
214 may store numerous data objects of varying sizes. The
on-demand data storage service 214 may operate as a key
value store that associates data objects with identifiers of the
data objects which may be used by the customer 204 to
retrieve or perform other operations in connection with the
data objects stored by the on-demand data storage service
210. The on-demand data storage service 214 may also be
accessible to the cryptography service 212. For instance, in
some embodiments, the cryptography service utilizes the
on-demand data storage service to store keys of the custom-
ers in encrypted form, where keys usable to decrypt the
customer keys are accessible only to particular devices of
the cryptography service 212. Access to the data storage
service by a customer, another service, or other entity may
be through appropriately configured API calls.

In the environment illustrated in FIG. 2, a notification
service 216 is included. The notification service 216 may
comprise a collection of computing resources collectively
configured to provide a web service or other interface and
browser-based management console that can be used to
create topics customers want to notify applications (or
people) about, subscribe clients to these topics, publish
messages, and have these messages delivered over clients’
protocol of choice (i.e., HTTP, email, SMS, etc.). The
notification service may provide notifications to clients
using a “push” mechanism without the need to periodically
check or “poll” for new information and updates. The
notification service may be used for various purposes such
as monitoring applications executing in the virtual computer
system service, workflow systems, time-sensitive informa-
tion updates, mobile applications, and many others.

The computing resource service provider 202 may addi-
tionally maintain one or more other services 218 based on
the needs of its customers 204. For instance, the computing
resource service provider 202 may maintain a database
service for its customers 204. A database service may be a
collection of computing resources that collectively operate
to run one or more databases for one or more customers 204.
Customers 204 of the computing resource service provider
202 may operate and manage a database from the database
service by utilizing appropriately configured API calls. This,
in turn, may allow a customer 204 to maintain and poten-
tially scale the operations in the database. Other services
include, but are not limited to, object-level archival data
storage services, services that manage and/or monitor other
services and/or other services.

As illustrated in FIG. 2, the computing resource service
provider 202, in various embodiments, includes an authen-
tication system 220 and a policy management service 222.
The authentication system, in an embodiment, is a computer
system (i.e., collection of computing resources) configured
to perform operations involved in authentication of users of
the customer. For instance, one of the services may provide
information from the users to the authentication service to
receive information in return that indicates whether or not

10

15

20

25

30

35

40

45

50

55

60

65

6

the user requests are authentic. Determining whether user
requests are authentic may be performed in any suitable
manner and the manner in which authentication is performed
may vary among the various embodiments. For example, in
some embodiments, users electronically sign messages (i.e.,
computer systems operated by the users electronically sign
messages) that are transmitted to a service. Electronic sig-
natures may be generated using secret information (e.g., a
private key of a key pair associated with a user) that is
available to both an authenticating entity (e.g., user) and the
authentication system. The request and signatures for the
request may be provided to the authentication system which
may, using the secret information, compute a reference
signature for comparison with the received signature to
determine whether the request is authentic.

If the request is authentic, the authentication service may
provide information to the service that the service can use to
determine whether to fulfill a pending request and/or to
perform other actions, such as prove to other services, such
as the cryptography service, that the request is authentic,
thereby enabling the other services to operate accordingly.
For example, the authentication service may provide a token
that another service can analyze to verify the authenticity of
the request. Electronic signatures and/or tokens may have
validity that is limited in various ways. For example, elec-
tronic signatures and/or tokens may be valid for certain
amounts of time. In one example, electronic signatures
and/or tokens are generated based at least in part on a
function (e.g., a Hash-based Message Authentication Code)
that takes as input a timestamp, which is included with the
electronic signatures and/or tokens for verification. An entity
verifying a submitted electronic signature and/or token may
check that a received timestamp is sufficiently current (e.g.,
within a predetermined amount of time from a current time)
and generate a reference signature/token using for the
received timestamp. If the timestamp used to generate the
submitted electronic signature/token is not sufficiently cur-
rent and/or the submitted signature/token and reference
signature/token do not match, authentication may fail. In this
manner, if an electronic signature is compromised, it would
only be valid for a short amount of time, thereby limiting
potential harm caused by the compromise. It should be noted
that other ways of verifying authenticity are also considered
as being within the scope of the present disclosure.

The policy management service 222, in an embodiment,
is a computer system configured to manage policies on
behalf of customers of the computing resource service
provider. The policy management service 222 may include
an interface that enables customers to submit requests
related to the management of policy. Such requests may, for
instance, be requests to add, delete, change or otherwise
modify policy for the customer or for other administrative
actions, such as providing an inventory of existing policies
and the like. The policy management service 222 may also
interface with other services to enable the services to deter-
mine whether the fulfillment of a pending request is allow-
able according to policy corresponding to the customer for
which the request was made. For example, when a service
receives a request, the service (if it has not locally cached
such information) may transmit information about the
request (and/or the request itself) to the policy management
system which may analyze policies for the customer to
determine whether existing policy of the customer allows
fulfillment of the request and provide information to the
service according to the determination. An example policy
management system is described below in connection with
FIG. 4. Other services and/or components may also be
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included in the environment 200. Similarly, techniques of
the present disclosure apply to other environments.

FIG. 3 shows an illustrative example of a service 300 in
accordance with various embodiments. The service 300 may
be, for example, one of the services described above in
connection with FIG. 2. For example, the service 300 could
be a virtual computer system service 208, a block-level data
storage service 210, a cryptography service 212, an on-
demand data storage service 214, a notification service 216,
or one or more other services 218 such as describe above. It
should be noted that while FIG. 3 illustrates various com-
ponents of the service 300, the various service will vary in
accordance with various and may include components dif-
ferent than those illustrated herein. As illustrated in FIG. 3,
the service 300 includes a service frontend 302. The service
frontend 302 may include a collection of computing
resources collectively configured to provide an interface by
which customers can communicate such as through appli-
cation programming interface (API) calls to the service
frontend 302. The service frontend 302, for instance, may
include one or more web servers, one or more load balanc-
ers, one or more application servers, and generally other
computing resources described herein.

In an embodiment, the service frontend 302 is configured
to receive customer requests and provide responses to those
requests. The service frontend 302 may also include an
interface that enables the receipt and processing of requests
from other services. In order to process the requests, the
service frontend 302 may interact with various other com-
ponents of the service 300. For example, as illustrated in
FIG. 3, the service 300 includes an authentication runtime
service 304. The authentication runtime service 304, like the
service at the service frontend 302, may be a subsystem of
the service 300 comprising a collection of computing
resources collectively configured to make determinations
regarding authentication to enable the service frontend 302
to deny or fulfill requests as appropriate. In an embodiment,
when the service frontend 302 receives a request the service
frontend 302 communicates with the authentication runtime
service 304 to determine whether the request is authentic.
The request may, for instance, include an electronic signa-
ture generated using a secret shared among the customer and
an authentication system such as described above in con-
nection with FIG. 2. The authentication runtime service 304
may transmit information via an authentication system inter-
face 306 which enables the authentication runtime service
304 to obtain determinations from an authentication system
such as described above in connection with FIG. 2 whether
the request is authentic. In operating to determine whether
requests are authentic the authentication runtime service 304
may cache certain information in order to enable the authen-
tication runtime service 304 to make a determination regard-
ing authentication without authentication to an authentica-
tion system through the authentication system interface 306.
It should be noted that while FIG. 3 illustrates a particular
embodiment, the service 300 may authenticate requests in
any suitable manner and not necessarily in the manner
shown.

As illustrated in FIG. 3 the service frontend 302 also
communicates with a policy enforcement service 308 in
order to determine whether to fulfill certain requests. The
policy enforcement service 308 may be a subsystem of the
service 300 that comprises the collection of computing
resource collectively configured to enable the service fron-
tend 302 to determine whether to fulfill or deny requests. As
with the authentication runtime service 304, the policy
enforcement service 308 may communicate with a policy
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management system (not illustrated in the figure) for the
purpose of determining whether fulfillment of a request is in
compliance with the policy. For example, when the service
frontend 302 receives a request, it may transmit the request
or information based at least in part on the request to the
policy enforcement service 308. The policy enforcement
service 308 may transmit information, via a policy manage-
ment system interface 310, to a policy management system
in order to make the determination. As with the authentica-
tion runtime service 304, the policy enforcement service 308
may cache various information in order to enable determi-
nations of whether fulfillment of requests comply with
policies without communicating with the policy manage-
ment system.

In various embodiments, the service frontend 302 also
communicates with a service network 312 when received
requests are determined to be both authentic and fulfillable
in compliance with policy. The service network 312 may be
a subsystem of the service 300 comprising a collection of
computing resources configured to operate in support of
providing a service. For example, in an embodiment whether
the service 300 is a virtual computer system service, the
service network 312 may comprise a plurality of physical
host computing devices that implement virtual computer
systems on behalf of customers of the service 300. Requests
through the service frontend 302 may relate to operation of
the virtual computer systems implemented using the service
network 312. For instance, requests may be submitted to the
service frontend 302 for the purpose of provisioning, depro-
visioning, modifying, or otherwise remotely managing vir-
tual computer systems. In the example of a block-level data
storage service 210, the service network 312 may comprise
a collection of data storage servers with corresponding data
storage devices. The service frontend 302 may interact with
the service network 312 for various purposes such as allo-
cating storage space to customers, deallocating storage
space for customers, and generally in connection with man-
agement of one or more virtual block level data storage
devices provided by the service 300. In the example of a
cryptography service, the service network 312 may include
various hardware devices that enable the secure manage-
ment of cryptographic keys. For example, the service net-
work 312 may comprise a plurability of security modules
(e.g., hardware security modules) which may be devices that
securely store cryptographic key material. The service net-
work for a cryptography service may also include data
storage devices for storing keys on behalf of customers and
generally other devices supporting operation of the cryptog-
raphy service. In the example of an on-demand data storage
service, the service network 312, as with the block data
storage service, may include data storage servers and cor-
responding data storage devices. The service network may
also include one or more databases in order to operate as key
value stores to enable the efficient location of data within the
service network 312. The service network 312 may also
include other devices (e.g., server computer systems), such
as devices that operate to durably, i.e., redundantly store data
to perform garbage collection processes and the like. Gen-
erally, the service network 312 may include computing
resources applicable to the service being provided. Also,
while not illustrated, the service network 312 may include
appropriate networking devices such as routers, switches,
load balancers, and other devices that enable the collective
operation of the devices in the service network 312. Of
course, the exact resources that are included and their
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collective configuration will vary in accordance with the
various services and the various embodiments in which they
are implemented.

FIG. 4 shows an illustrative example of a policy manage-
ment service 400 in accordance with various embodiments.
As illustrated in FIG. 4 the policy management service 400
includes a policy management system frontend 402. The
policy management system frontend 402 may be configured
such as the service frontend 302 described above in con-
nection with FIG. 3. In particular, the policy management
system frontend 402 may be configured to received custom-
ers’ requests and provide responses to those requests. The
policy management system frontend 402 may also be con-
figured to receive requests from other services, such as for
determinations whether requests are fulfillable according to
policy. Requests to the policy management system frontend
402 may be various requests in connection with the man-
agement of policy or an account of a computing resource
provider. For example, a request to the policy management
system frontend may be an appropriately configured API call
to add a policy, to delete a policy, to change a policy, and
generally to perform various actions in connection with
policies, such as providing an inventory of policies and the
like. As with other frontend systems described herein, the
policy management system frontend 402 may include one or
more webservers that perform different operations. For
example, in an embodiment, the policy management system
frontend 402 may include a webserver that provides, over a
network such as the Internet, a console interface for man-
aging policies. The console interface may be a graphical user
interface (GUI) with various GUI controls that allow users
to perform various actions in connection with the manage-
ment of policy. Example actions include the definition of
policies and submission of defined policies. A user may, for
instance, use various GUI controls (drop down menus, check
boxes, text entry boxes and the like) for defining a policy and
then interact with the GUI to cause the webserver to submit
the defined policy. Submission of the defined policy in a
request (or, generally, submission of any request transmitted
via the GUI), may cause the request to be transmitted from
the webserver providing the GUI to another webserver that
orchestrates the processing of the requests, such as described
below. The other web server may also be available to
customers for submission of requests directly instead of
through the webserver providing the GUI. Other variations
are also considered as being within the scope of the present
disclosure.

As with the service 300 described above in connection
with FIG. 3, the policy management service 400 may
include an authentication runtime service 404 and an authen-
tication system interface 406 in order to enable the policy
management system frontend 402 to fulfill or deny requests
as appropriate. As with the service frontend 302, the policy
management system frontend 402 may interact (e.g., via
appropriately configured communication signals) with vari-
ous components in order to provide policy management
services. For example, as illustrated in FIG. 4, the policy
management system frontend 402 may utilize a notification
system interface 408 to communicate with a notification
system such as described above. As discussed in more detail
below, the notification system may be used in order to alert
users associated with an account of certain types of activity
in connection with policy of the account. For example, as
noted in more detail below, attempted additions to a set of
policies for the account may cause the policy management
system frontend 402 to cause the notification system to
provide one or more notifications of the attempted policy
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addition. In this manner, receipt of the notification enables
appropriate action to be taken such as when addition of a
policy is improper.

The policy management system frontend 402, in an
embodiment, utilizes a policy engine 410 which may be a
subsystem of the policy management service 400 compris-
ing a collection of computing resources collectively config-
ured to evaluate policy. The policy engine 410 may receive
from the policy management system frontend 402 a request
that has been received and/or information based at least in
part thereon. The policy engine 410 may identify any
policies applicable to the request, evaluate whether fulfill-
ment of the request is in compliance with any applicable
policies, and provide notification to the policy management
system frontend 402 whether fulfillment of the request is in
compliance with existing policy. The policy engine 410 may
operate in various ways in accordance with various embodi-
ments. For instance, as discussed below, policies may be
encoded in policy documents which encode various infor-
mation regarding principals, resources and other items to
which policies apply. The policy engine (or another system
working in concert with the policy engine) may use the
information in the policies to determine which, of a set of
policies, apply to a particular request. For example, if a
request is submitted by a particular identity identified in the
request, the policy engine may select policies applicable to
that entity. If the request involves a particular resource, the
policy engine may select policies that are applicable to the
particular resource. In addition, as discussed in more detail
below, policy documents may include information that is
indicative of whether the policy document is currently
effective (i.e., whether one or more policies encoded in the
policy document are currently enforced), such as informa-
tion indicating time when effectiveness of one or more
policies encoded in the policy documents begins. Identifying
applicable policy documents may include selecting policy
documents that are in force and disregarding policy docu-
ments that are not in force.

The policy engine may sequentially or otherwise process
the policies to determine whether each of the selected
policies allow fulfillment of the request. The policy engine
may transmit a notification (e.g., in the form of a response
to a request to evaluate policy submitted by the policy
management system frontend 402) to the policy manage-
ment system frontend 402 that indicates whether the set of
policies for an account corresponding to the policies allows
or precludes fulfillment of the request. Additional informa-
tion, such one or more reasons fulfillment of the request is
precluded by policy (e.g., information identifying one or
more policies that would be violated by fulfillment of the
request and/or information based at least in part on the
policies that would be violated by fulfillment of the request).

To enable large scale policy management for multiple
users, the policy management service 400 may include a
policy repository 412 which may comprise one or more data
storage devices that store policy documents that encode
policies of the various accounts of computing resource
service provider. In some embodiments, the policy reposi-
tory 412 stores policies for multiple entities (e.g., customers
of'a computing resource service provider) and, accordingly,
stores policies in direct or indirect association with the
entities to which the policies correspond.

As illustrated in FIG. 4, the policy management system
frontend 402 upon receipt of a request may utilize the
authentication runtime service 404 to determine whether the
request is authentic. If the request is authentic, the policy
management system frontend 402 may submit a policy
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evaluation request to the policy engine 410 to determine
whether the request is in compliance with applicable exist-
ing policy. The policy engine 410, if it does not have such
information cached, may interact with the policy repository
412 in order to obtain applicable policies. The policy engine
410 may, for example, access all policies for an account
associated with the request from the policy repository 412
and identify from the access policies any policies which are
applicable to the request. As noted, the policy engine may
cache policies in order to avoid communication with the
policy repository 412 which may be implemented across a
network from the policy engine 410.

For certain types of requests, the policy management
system frontend 402 may interact with the policy repository
412. For example, if such actions are allowed by existing
policy the policy management system frontend 402 may
transmit new policies to the policy repository 412, may
transmit commands to the policy repository 412 to delete
one or more policies, and/or generally to change a set of
policies or an account associated with the request (e.g., by
modifying an existing policy).

As noted above, various policies utilized by customers of
a computing resource service provider may be encoded in
the form of policy documents. The policy document in an
embodiment is a document, i.e., organized collection of
information, that operates as a container for one or more
statements. The policy document may be a Javascript Object
Notation (JSON), an eXtensible Markup Language (XML)
document, another document using a structured markup
language, or other way of organization information. It
should be noted that a policy document may encode one or
more policies that are defined by corresponding statements.
It should also be noted that a policy may include one or more
sub-policies. In other words, a policy may comprise a
collection of policies. For example, an account of a com-
puting resource service provider may have a policy for a data
storage service (“data storage service policy”) that com-
prises a plurality of individual policies, each defining a
specific permission. Additionally, it should be noted that the
term “policy” may have different meaning in different con-
texts. As an example, the term “policy” can have a different
meaning when used as an uncountable (mass) noun than
when used as a countable (count) noun. For instance, a
phrase such as “whether policy allows fulfillment of a
request” may be interpreted to mean whether a collection of
individual policies allow fulfillment of the request. Also,
while policy documents are used for the purpose of illus-
tration, other ways of encoding policies (e.g., by using
relational tables of a relational database to store the various
information that would be encoded by a policy document)
may be used in accordance with various embodiments. A
statement may include conditions which may be any restric-
tions or details about the statement. The conditions, for
example, may specify circumstances for a policy to be in
effect.

In various embodiments, policies are able to define con-
ditions for changing a set of policies, such as a set of policies
for an account of a computing resource service provider. A
policy on policy addition (which may be referred to as a
“policy addition policy”’) may require that, to be fulfillable,
a request to add a proposed policy to a set of policies must
be configured such that the proposed policy will not become
effective (i.e., be enforced by a system that enforces the set
of policies) until a future time, such as a specified number
of hours into the future measuring from some reference
point in time. The policy on policy addition may define the
set of principals to which the policy applies, the resources to
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which the policy applies, one or more other conditions that
must be fulfilled, and one or more actions in addition to
denial if the conditions are not fulfilled (or, alternatively,
allowance if the conditions are fulfilled). An additional
action defined by the policy may, for instance, include one
or more actions that result in notification of one or more
principals of a request to add a policy. A policy administrator
may, for instance, allow one or more others to add policies
to a set of policies, but may configure a policy on policy
addition such that the policy administrator can add policies
without a required delay, but the allowed one or more others
can only successfully add policies if the policies are added
so as to become effective in compliance with a required
delay.

FIG. 5 shows an illustrative example of a policy document
in accordance with an embodiment. In an embodiment, the
policy document 500 encodes various information relevant
to a policy encoded by the policy document. The policy may
be encoded in a declarative access control policy language,
such as eXtensinble Access Control Markup Language
(XACML), Enterprise Privacy Authorization Language
(EPAL), Amazon Web Services Access Policy Language,
Microsoft SecPol or any suitable way of encoding one or
more conditions that must be satisfied for a cryptographic
operation to be performed. As illustrated in FIG. 5, the
policy document 500 includes a name 502 which may
comprise a string for the policy document 500. The name
502 may, for instance, be used to provide a convenient
identifier in using human readable terms. As an example, a
name 502 may be a string to the effect of my data storage
service policy. Also as illustrated in FIG. 5, the policy
document 500 may include a version 504. The version 504
may be used to track how the policy document 500 changes
over time as various requests are received and fulfilled to
update policy. Each update to the policy document 500 may
cause the version 504 to be updated to a new value. The
policy document 500 may also include an issuer 506 which
may be an identifier for a user that submitted a request that
resulted in creation of the policy document 500 having the
current version.

As illustrated in FIG. 5 and noted above, the policy
document 500 may include one or more statements 508.
Statements in a policy document may be processed using a
logical OR. As discussed in more detail below, one or the
statements 508 may encode information that indicates a
future time when the policy encoded by the policy document
500 is to be effective. For example, the statement may
encode a time stamp for a future time at which the policy
encoded by the policy document 500 is to be effective. A
statement may encode a duration indicating an amount of
time that must pass before which the policy document 500
is to be effective where the duration may be measured from
some point in time, which may be a global time (e.g., Unix
time) or which may be measured from a particular event,
such as submission of a request to add a policy that contains
the statement or approval of the policy by a policy manage-
ment system. Generally, the statement may encode any
information that immediately or eventually renders deter-
minable a future time at which the policy encoded by the
policy document 500 becomes effective. It should be noted
that statements may also contain additional information that
is not illustrated in the figure, such as a statement identifier
that uniquely identifies the statement (at least within the
policy document), and other information which may be used
by a policy management system.

FIG. 6 shows another illustrative example of a policy
document 600 in accordance with various embodiments.
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The policy document 600 may be configured similarly to the
policy document 500 discussed above in connection with
FIG. 5. For example, as illustrated in FIG. 6 the policy
document 600 may include a name 602, a version 604, an
issuer 606, and one or more statements 608 such as
described above. However, instead of (or in addition to) a
statement 608 being determinative of when a policy encoded
by the policy document 600 becomes effective, the policy
document 600 may include additional information in addi-
tion to the statement 608 and in particular effectiveness
timing information 610. In other words, effectiveness timing
information may be encoded inside and/or outside of a
statement of a policy document. As noted above, the effec-
tiveness timing information 610 may be any information
from which a time in the future at which the policy encoded
by the policy document 600 becomes effective can be
determined. Example effectiveness timing information is
discussed above, such as a value indicating a duration or
point in time when the policy encoded by the policy docu-
ment 600 is to be effective.

As noted above, a statement may be a formal description
for a permission. FIG. 7 accordingly, shows an illustrative
example of a statement 700 which may be encoded in a
policy document, such as described above. As illustrated in
FIG. 7, the statement 700 may include information identi-
fying one or more principals 702. A principal may be an
entity (e.g., user, computer system, or any entity that may be
granted a permission for access to a system) to which the
statement 700 applies. As an example, a customer of a
computing resource service provider may have an account.
The account may be associated with multiple subaccounts
each corresponding to a user of the customer. Each user may
have a corresponding identifier which may be includable as
a principal in a statement. Principals may also be identified
in other ways. For example, sets of principals may be
identified by an identifier for the set. As an illustrative
example, a department in an organization may have a
corresponding identifier. A statement may be applicable to
the users associated with the department by listing in the
statement an identifier for the department. Identifiers for sets
of principals may be useful, for instance, when the sets are
dynamically changing such as when employees are hired by
and/or leave an organization and/or department therein.
Identifiers of principals may also be open ended. For
example, information may be included that indicate that the
statement 700 is applicable to anyone, that is to all users
capable of submitting a request on behalf of an account of
a computing resource service provider or, generally, all
users.

As illustrated in FIG. 7, a statement 700 also identifies one
or more resources 704. Resources may be computing
resources such as described above. Resources may, for
instance, be the subject of the services provided by a
computing resource service provider. As an example, a
resource may be a virtual computer system, may be a logical
data container used to associate data objects together, may
be a volume identifier of a block level data storage device,
a database, an item stored in a database, a data object (e.g.,
file) and generally any type of resource which may be
provided as a service. As with principals, resources may be
described using identifiers of sets of resources. For instance,
in some embodiments, virtual computer systems are able to
be associated with user generated tags that may be descrip-
tive of a role fulfilled by the virtual computer systems. As an
example, a group of virtual computer systems may be
associated with a tag “web server.” Resources, accordingly,
may be identified by such tags. As another example, a
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resource may correspond to a logical data container thereby
causing the statement 700 to be applicable any data objects
stored within the logical data container, i.e., associated with
the logical data container.

As illustrated in FIG. 7, a statement 700 may also include
one or more conditions. The conditions, in an embodiment,
are determinative of whether the statement in the policy
document applies in a particular context, i.c. applies to a
submitted request in the context in which it was submitted.
The conditions may utilize Boolean operators (equal, less
than, etc.) to allow evaluation of the conditions over other
values in the statement (principal, resource, etc.) and other
values in an authorization context, which may or may not be
provided in a request for which policy is being evaluated.
Condition values can include date, time, the Internet Proto-
col (IP) address of the requester, an identifier of the request
source, a user name, a user identifier, and/or a user agent of
the requester and/or other values. Values may also be unique
to a service to which the condition applies. Conditions may
be logically connected for evaluation using logical connec-
tors such as AND and OR.

Statements may also encode one or more actions 708. An
encoded action may represent operations that occur when
the condition(s) 706 are fulfilled and/or unfulfilled. Example
actions include allowing a request to be fulfilled (e.g.,
allowing requested access) or denying a request. Other
actions include transmission of notification in accordance
with information encoded in the statement 700, such as
transmission of an electronic mail message to one or more
electronic mail addresses specified in the statement 700,
publishing a notification to a topic of a notification service
and/or other actions. Accordingly, an encoded action 708
may include information sufficient for performing the
action.

It should be noted that various embodiments of the
present disclosure discuss, in an illustrative manner, require-
ments that policy defined by a policy document (i.e., a set of
one or more policies defined by a policy document) become
effective at a future date in compliance with the require-
ments. In other words, illustrative examples discussed herein
relate to requirements that policy documents become effec-
tive at future times. As with all embodiments discussed
herein, variations are considered as being within the scope
of the present disclosure. For example, each statement may
include effectiveness timing information that is usable to
determine a future time at which the statement goes into
effect. Various embodiments may, in alternative or addition
to policy-document-level requirements on delayed effective-
ness, include requirements on policies defined on a state-
ment level. Determining whether a statement goes into effect
may include determining whether each statement (for which
a delay is required) complies with a requirement for delay.
Different statements in a policy document may have differ-
ent delays and existing policy on policy changes/additions
may have different delay requirements for different state-
ments.

FIG. 8 shows an illustrative example of a process where
processing requests in accordance with an embodiment. The
process 800 may be performed by any suitable system or
component thereof such as the service 300 described above
in connection with FIG. 3 and/or the policy management
service 400 described in connection with FIG. 4. In an
embodiment, the process 800 includes receiving 802 a
request. The request may be received, for example, as an
appropriately configured API call to a frontend system such
as the service frontend 302 or the policy management
system frontend 402 described above. The API call may be,
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for instance, in the form of a web service call configured
with various parameters applicable to the request. Upon
receipt 802 of the request, the process 800 may include
determining 804 whether the request is authentic. Determin-
ing 804 whether the request is authentic may be performed
in any suitable manner. For example, in some embodiments,
the request may be signed with an electronic signature.
Determining 804 whether the request is authentic may
include verifying the electronic signature. Verification of the
electronic signature may be done by any suitable system or
component thereof. For instance, referring to embodiments
described above, an authentication runtime service or
authentication system may perform the verification. It
should be noted that the verification may be performed by
other entities. For instance, in some embodiments, verifica-
tion is not done in a distributed manner but done by a
frontend system such as described above. Generally, any
manner in which the authenticity of the request may be
determined may be used.

If it is determined 804 that the request is not authentic, the
request may be denied 806. Denying the request may be
performed in any suitable manner, such as by responding to
the request with information indicating the denial by simply
taking no action and/or by providing information that indi-
cates one or more reasons why the request is denied and/or
additional information which may be necessary to enable
addressing the reason for denial. If, however, it is deter-
mined 804 that the request is authentic the process 800 may
include accessing 808 one or more applicable policies.
Accessing 808 applicable policies may be performed by any
suitable system or component thereof, such as by a policy
management service described above. Applicable policies
may be accessed, for example, by retrieving policy docu-
ments from a policy repository such as described above. In
some embodiments, timing information indicating when
policies become effective is used to select a subset of
policies from a set of policies that are applicable (e.g., a set
of policies that, without regards to the timing information,
would apply to the request). The selected subset may com-
prise those policies that have timing information indicative
of the policies in the subset currently being in effect.

A determination may then be made 810 whether appli-
cable policies allow fulfillment of the request. A determina-
tion 810 whether policy allows fulfillment of the request
may be performed by any suitable system such as by a policy
engine 410 described above in connection with FIG. 4. A
policy engine or other system determining whether policy
allows fulfillment of the request may analyze applicable
policies to determine whether the policy allows fulfillment
of the request. As discussed, the manner in which the
analysis takes place may vary in accordance with various
embodiments. For example, applicable policies or, gener-
ally, potentially applicable policies may be analyzed in
sequence. If a policy in a sequence of policy would be
violated by fulfillment of a request, a determination may be
made that policy does not allow fulfillment of the request
without analyzing the remainder of the sequence (if any). In
addition, determining 810 whether a policy allows fulfill-
ment of the request may include determining, based at least
in part on information encoded in a policy document,
whether the policy document is currently effective or
whether enforcement of the policy documents is being
delayed. Determining whether the policy document is cur-
rently effective, for instance, may be performed in embodi-
ments where the timing information is not used to exclude
policies during performance of one or more previous opera-
tions.
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More complex processing may also be performed. For
example, if a statement in a policy document indicates that
fulfillment of the request would violate policy encoded in
the statement, a determination may be made whether any
additional policies supersede that policy and allow fulfill-
ment of the request. Generally, the policies may be analyzed
in any suitable manner, and the manners may vary in
accordance with which the various systems are configured
and how policies are encoded. If it is determined 810 that
policy does not allow the request to be fulfilled, the process
800 may include denying 806 the request such as described
above. If, however, it is determined 810 that policy does
allow fulfillment of the request, the request may be fulfilled
812.

As noted above, requests in accordance with the various
embodiments may vary greatly. Therefore, fulfillment of the
requests may vary accordingly. Generally, fulfillment of a
request may include configuring one or more computing
resources, providing access to data, and generally perform-
ing one or more actions in accordance with the request. As
noted above, various embodiments of the present disclosure
apply to requests to add or otherwise change policy. FIG. 9
accordingly shows an illustrative example of a process 900
which may be used to enforce policy in connection with
changing an existing policies. As illustrated in FIG. 9 the
process 900 includes receiving 902 a request to add a policy.
The request to add policy may be in the form of an
appropriately configured API call. It should be noted that
while FIG. 9 discusses a request to add a policy, the process
900 may be adapted for other types of requests such as
requests to change an existing policy. In an embodiment,
upon receipt 902 of the request to add a policy, a determi-
nation may be made 904 whether the request is authentic
such as described above. If it is determined 904 that the
request is not authentic, the request to add the policy may be
denied 906. Denial of the request may be performed such as
described above. If, however, it is determined 904 that the
request is authentic, the process 900 may include accessing
908 applicable policies such as described above.

As illustrated in FIG. 9 the process 900 includes detecting
910 a time delayed requirement. Detecting 910 the time
delay requirement may be performed in various ways in
accordance with various embodiments. For example, while
omitted from FIG. 9 for the purpose of simplification, while
not illustrated in the figure, the process 900 may include
processing the accessed applicable policies and determining
whether any applicable policies would preclude fulfillment
of the request to add the policy. During such processing, a
policy that has a time delay requirement may be detected. It
should be noted that the time delay requirement is not
necessarily encoded in a policy that is stored with other
policies, but a system may be coded or otherwise configured
to enforce a delay without such a requirement being coded
in a policy document. In such embodiments where the time
delay requirement is not encoded in a set of policies for an
account, it should be noted that detecting the time delay
requirement may be performed before the applicable poli-
cies are accessed 908. Generally, it should be noted that,
while the figures here illustrate various operations occurring
in a particular order, in many instances the order of opera-
tions may be different than that which is illustrated. In
addition, the operations may be performed in a manner that
does not follow a strict ordering but, for example, operations
may be performed in parallel or at least partially in parallel.

Returning to the particular embodiment illustrated in FI1G.
9, upon detection 910 of the time delay requirement, a
determination may be made 912 whether the requested
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policy edition is in compliance with the time delay require-
ment. The determination 912 may be made in any suitable
manner and the manner in which the determination 912 is
made may vary in accordance with a manner in which
information about the policy is encoded. For example, in
embodiments where a future time for the effectiveness of the
requested policy to be added is determinable from a state-
ment in a policy document, the statement may be evaluated
to determine whether it is in compliance with the time delay
requirement. As an illustrative example, the time delay
requirement may be that policies may be added only if their
effective date is 48 hours into the future. Information
encoded in the statement may be analyzed to determine
whether a request to add a policy is in compliance with the
requirement. Similarly, an embodiment where effectiveness
time and information is encoded outside of statement of a
policy document, the effectiveness time and information
may be analyzed accordingly. For example, an embodiment
where the effective time and information comprises a time
stamp indicating a time at which the policy requested to be
added is to become effective, the time stamp may be checked
to determine whether the time stamps is more than 48 hours
into the future relative to some reference point in time, such
as a time when the request to add the policy was received.
Generally, the determination 912 where the requested policy
is in compliance with the time delay requirement may be
performed in various ways in accordance with various
embodiments and the present disclosure is not limited to the
embodiments explicitly described here.

If it is determined that the requested policy addition is not
in compliance with the time delay requirement, the process
900 may include denying the request to add the policy and
may include denying the 906 the request to add policy such
as described above. If, however, it is determined 912 that the
requested policy addition is in fact in compliance with the
time delay requirement, the process 900 may include ful-
filling 914 the request such as described above. In various
embodiments, when certain changes to policies are
requested, one or more notifications may be transmitted. The
policy administrator for a customer or computing resource
provider may, for example, receive an electronic mail or
other electronic message indicating an attempt to change the
policy. Accordingly, the process 900 in embodiment
includes initiating 916 a notification process. Initiation of
the notification process may be performed in any suitable
manner such as by causing a notification system, such as
described above, to issue one or more notifications to one or
more entities.

The notification process may include execution of a
workflow configured to cause the performance of various
alarm/notification actions. The alarm/notification actions
may include, for example, causing a notification system
(such as described above) to transmit one or more messages
to one or more individuals or systems. For example, a
compliance officer or policy administrator of an organization
associated with an account associated with the policy set. As
another example, an alarm/notification action may comprise
causing an auditing system to perform enhanced auditing
where, for example, more information is collected in con-
nection with various accesses to the system. In some
embodiments, alarm/notification actions may also include
alarm signaling which may include audible and/or visual
indications of the alarm. Other alarm actions are considered
as being within the scope of the present disclosure. Notifi-
cation may also include transmission of a message including
a hyperlink (or other mechanism) that, when selected, causes
a request to cancel the request to be transmitted to a system
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(e.g., policy management system) capable of cancelling the
request. The message may allow cancellation without
authentication by the receiver of the message. Other meth-
ods of enabling the request to be cancelled through notifi-
cation may also be used.

As noted above in various embodiments of the present
disclosure, a delay for the effectiveness of policies is
enforced in order to provide opportunity to cancel the effect
of such policies. FIG. 10 accordingly shows an illustrative
example of the process 1000 which may be used to provide
opportunity to cancel policies that would otherwise go into
effect if not cancelled. The process 1000 may be performed
by any suitable system, such as the system comprising
various services in FIG. 2 and/or the policy management
service 400 discussed above in connection with FIG. 4. In an
embodiment, the process 1000 includes receiving 1002 a
request to add a policy effective at a future time. The request
to add the policy effective at a future time may be received
in any suitable manner such as an appropriately configured
API call. The effective time may be encoded in the policy
that is requested that may be added or may be otherwise
encoded. For example, in some embodiments, the future
time or generally effectiveness timing information such as
described above is included as a parameter in an API call
instead of being within the policy document itself. As
discussed above, the determination may be made 1004
whether the request is authentic and if it is determined 1004
that the request is not authentic, the process 1000 may
include denying 1006 the request to add the policy.

If however, it is determined 1004 that the request is
authentic, the process 1000 may include confirming 1008
that existing policy or generally whether the policy addition
is allowed. Confirming 1008 whether the policy addition is
allowed may be performed in any suitable manner such as by
performing applicable operations of the processes 800 and
900 described above. It should be noted that while not
illustrated in FIG. 10, the process 1000 may include denying
1006, a request to add policy. If it is not confirmed that the
policy addition is allowed, upon confirming 1008 that the
policy addition is allowed, the policy may be added 1010 to
a policy repository and, if applicable, any notifications may
be issued, such as described above.

At some point after which the policy is added to the policy
repository, a request may be received 1012 to cancel the
policy addition, such as described above (e.g., via a notifi-
cation) or in another manner, such as by logging into an
administrative console and using a corresponding GUI to
submit the request. Upon receipt 1012 of a request to cancel
the policy addition, the process 1000 may include determin-
ing 1014 whether the added policy is effective such as
described above. For example, effectiveness timing infor-
mation encoded in a statement or outside a statement of the
policy document encoding the policy that was added to the
policy repository may be analyzed to determine whether
enough time has passed to allow the policy to become
effective. If it is determined 1014 that the added policy is not
effective, the process 1000 may include determining 1016
whether cancellation is allowed by a set of relaxed cancel-
lation conditions. The relaxed conditions may be less strin-
gent than conditions for cancelling a policy already in effect.
For instance, in embodiments where notifications of a
requested policy addition/change provide a mechanism (e.g.,
hyperlink) for cancelling the policy addition, the policy
addition may be cancelled without additional authentication
that may be required for a policy already in effect. Similarly,
a larger set of principals may be allowed to cancel a policy
addition for a policy that is not yet in effect than a set of
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principals that are able to cancel policies that are in effect.
As yet another example, policy changes may require
enforcement of quorum rules with respect to principals
agreeing to cancellation of the policy changes. Quorum rules
may be less stringent for added policies that are not in effect
yet than quorum rules for policies that are already in effect.
Other examples are also considered as being within the
scope of the present disclosure.

If it is determined 1016 that cancellation is not allowed by
relaxed cancellation conditions, the process 1000 may
include denying the request to cancel and may include
denying 1018 the request to cancel and thereby allowing the
policy to become effective if the policy is not yet effective
and another cancellation request is not received or allow the
policy to continue to be effective. If, however, it is deter-
mined 1016 that the cancellation is allowed by the set of
relaxed cancellation conditions, the process 1000 may
include fulfilling 1020 the request to cancel. Fulfilling 1020
the request to cancel may be performed in a simple manner
such as by deleting or otherwise removing the policy from
the policy repository or electronically marking the policy as
not in effect (e.g., by updating metadata for the policy).

If it is determined 1014 that the added policy is effective,
a determination may be made 1022 whether cancellation is
allowed by a more stringent set of cancellation conditions,
such as described above. If is it determined 1022 that the
cancellation is not allowed by the more stringent cancella-
tion conditions, the process 1000 may include denying 1018
the request to cancel, such as described above. If, however,
it is determined 1022 the cancellation is allowed by the more
stringent cancellation conditions, the process 1000 may
include fulfilling 1020 the request to cancel the policy
addition.

As with all processes discussed herein, variations are
considered as being within the scope of the present disclo-
sure. For example, as illustrated in FIG. 10, once it is
determined that a policy is in compliance with any time
delay requirements, the policy may be added to a policy
repository even when the policy is not yet effective. Varia-
tions of the present disclosure include embodiments where
a system enforces time delay requirements by delaying
addition of a policy into a policy repository until the
enforced delay has occurred. In this manner, processing a
policy to determine whether to fulfill various requests may
be performed without determining whether applicable poli-
cies have yet to become effective. Other variations are also
considered as being within the scope of the present disclo-
sure.

FIG. 11 illustrates aspects of an example environment
1100 for implementing aspects in accordance with various
embodiments. As will be appreciated, although a web-based
environment is used for purposes of explanation, different
environments may be used, as appropriate, to implement
various embodiments. The environment includes an elec-
tronic client device 1102, which can include any appropriate
device operable to send and receive requests, messages or
information over an appropriate network 1104 and convey
information back to a user of the device. Examples of such
client devices include personal computers, cell phones,
handheld messaging devices, laptop computers, tablet com-
puters, set-top boxes, personal data assistants, embedded
computer systems, electronic book readers and the like. The
network can include any appropriate network, including an
intranet, the Internet, a cellular network, a local area network
or any other such network or combination thereof. Compo-
nents used for such a system can depend at least in part upon
the type of network and/or environment selected. Protocols
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and components for communicating via such a network are
well known and will not be discussed herein in detail.
Communication over the network can be enabled by wired
or wireless connections and combinations thereof. In this
example, the network includes the Internet, as the environ-
ment includes a web server 1106 for receiving requests and
serving content in response thereto, although for other
networks an alternative device serving a similar purpose
could be used as would be apparent to one of ordinary skill
in the art.

The illustrative environment includes at least one appli-
cation server 1108 and a data store 1110. It should be
understood that there can be several application servers,
layers or other elements, processes or components, which
may be chained or otherwise configured, which can interact
to perform tasks such as obtaining data from an appropriate
data store. Servers, as used herein, may be implemented in
various ways, such as hardware devices or virtual computer
systems. In some contexts, servers may refer to a program-
ming module being executed on a computer system. As used
herein the term “data store” refers to any device or combi-
nation of devices capable of storing, accessing and retrieving
data, which may include any combination and number of
data servers, databases, data storage devices and data storage
media, in any standard, distributed or clustered environment.
The application server can include any appropriate hardware
and software for integrating with the data store as needed to
execute aspects of one or more applications for the client
device, handling some (even a majority) of the data access
and business logic for an application. The application server
may provide access control services in cooperation with the
data store and is able to generate content such as text,
graphics, audio and/or video to be transferred to the user,
which may be served to the user by the web server in the
form of HyperText Markup Language (“HTML”), Exten-
sible Markup Language (“XML”) or another appropriate
structured language in this example. The handling of all
requests and responses, as well as the delivery of content
between the client device 1102 and the application server
1108, can be handled by the web server. It should be
understood that the web and application servers are not
required and are merely example components, as structured
code discussed herein can be executed on any appropriate
device or host machine as discussed elsewhere herein.
Further, operations described herein as being performed by
a single device may, unless otherwise clear from context, be
performed collectively by multiple devices, which may form
a distributed system.

The data store 1110 can include several separate data
tables, databases or other data storage mechanisms and
media for storing data relating to a particular aspect of the
present disclosure. For example, the data store illustrated
may include mechanisms for storing production data 1112
and user information 1116, which can be used to serve
content for the production side. The data store also is shown
to include a mechanism for storing log data 1114, which can
be used for reporting, analysis or other such purposes. It
should be understood that there can be many other aspects
that may need to be stored in the data store, such as for page
image information and to access right information, which
can be stored in any of the above listed mechanisms as
appropriate or in additional mechanisms in the data store
1110. The data store 1110 is operable, through logic asso-
ciated therewith, to receive instructions from the application
server 1108 and obtain, update or otherwise process data in
response thereto. In one example, a user, through a device
operated by the user, might submit a search request for a
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certain type of item. In this case, the data store might access
the user information to verify the identity of the user and can
access the catalog detail information to obtain information
about items of that type. The information then can be
returned to the user, such as in a results listing on a web page
that the user is able to view via a browser on the user device
1102. Information for a particular item of interest can be
viewed in a dedicated page or window of the browser. It
should be noted, however, that embodiments of the present
disclosure are not necessarily limited to the context of web
pages, but may be more generally applicable to processing
requests in general, where the requests are not necessarily
requests for content.

Each server typically will include an operating system
that provides executable program instructions for the general
administration and operation of that server and typically will
include a computer-readable storage medium (e.g., a hard
disk, random access memory, read only memory, etc.) stor-
ing instructions that, when executed by a processor of the
server, allow the server to perform its intended functions.
Suitable implementations for the operating system and gen-
eral functionality of the servers are known or commercially
available and are readily implemented by persons having
ordinary skill in the art, particularly in light of the disclosure
herein.

The environment in one embodiment is a distributed
computing environment utilizing several computer systems
and components that are interconnected via communication
links, using one or more computer networks or direct
connections. However, it will be appreciated by those of
ordinary skill in the art that such a system could operate
equally well in a system having fewer or a greater number
of components than are illustrated in FIG. 11. Thus, the
depiction of the system 1100 in FIG. 11 should be taken as
being illustrative in nature and not limiting to the scope of
the disclosure.

The various embodiments further can be implemented in
a wide variety of operating environments, which in some
cases can include one or more user computers, computing
devices or processing devices which can be used to operate
any of a number of applications. User or client devices can
include any of a number of general purpose personal com-
puters, such as desktop, laptop or tablet computers running
a standard operating system, as well as cellular, wireless and
handheld devices running mobile software and capable of
supporting a number of networking and messaging proto-
cols. Such a system also can include a number of worksta-
tions running any of a variety of commercially-available
operating systems and other known applications for pur-
poses such as development and database management.
These devices also can include other electronic devices, such
as dummy terminals, thin-clients, gaming systems and other
devices capable of communicating via a network.

Various embodiments of the present disclosure utilize at
least one network that would be familiar to those skilled in
the art for supporting communications using any of a variety
of commercially-available protocols, such as Transmission
Control Protocol/Internet Protocol (“TCP/IP”), protocols
operating in various layers of the Open System Intercon-
nection (“OSI”) model, File Transfer Protocol (“FTP”),
Universal Plug and Play (“UpnP”), Network File System
(“NFS”), Common Internet File System (“CIFS”) and
AppleTalk. The network can be, for example, a local area
network, a wide-area network, a virtual private network, the
Internet, an intranet, an extranet, a public switched telephone
network, an infrared network, a wireless network and any
combination thereof.
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In embodiments utilizing a web server, the web server can
run any of a variety of server or mid-tier applications,
including Hypertext Transfer Protocol (“HTTP”) servers,
FTP servers, Common Gateway Interface (“CGI”) servers,
data servers, Java servers and business application servers.
The server(s) also may be capable of executing programs or
scripts in response requests from user devices, such as by
executing one or more web applications that may be imple-
mented as one or more scripts or programs written in any
programming language, such as Java®, C, C# or C++, or any
scripting language, such as Perl, Python or TCL, as well as
combinations thereof. The server(s) may also include data-
base servers, including without limitation those commer-
cially available from Oracle®, Microsoft®, Sybase® and
IBM®.

The environment can include a variety of data stores and
other memory and storage media as discussed above. These
can reside in a variety of locations, such as on a storage
medium local to (and/or resident in) one or more of the
computers or remote from any or all of the computers across
the network. In a particular set of embodiments, the infor-
mation may reside in a storage-area network (“SAN”)
familiar to those skilled in the art. Similarly, any necessary
files for performing the functions attributed to the comput-
ers, servers or other network devices may be stored locally
and/or remotely, as appropriate. Where a system includes
computerized devices, each such device can include hard-
ware elements that may be electrically coupled via a bus, the
elements including, for example, at least one central pro-
cessing unit (“CPU” or “processor”), at least one input
device (e.g., a mouse, keyboard, controller, touch screen or
keypad) and at least one output device (e.g., a display
device, printer or speaker). Such a system may also include
one or more storage devices, such as disk drives, optical
storage devices and solid-state storage devices such as
random access memory (“RAM”™) or read-only memory
(“ROM”), as well as removable media devices, memory
cards, flash cards, etc.

Such devices also can include a computer-readable stor-
age media reader, a communications device (e.g., a modem,
a network card (wireless or wired), an infrared communi-
cation device, etc.) and working memory as described
above. The computer-readable storage media reader can be
connected with, or configured to receive, a computer-read-
able storage medium, representing remote, local, fixed and/
or removable storage devices as well as storage media for
temporarily and/or more permanently containing, storing,
transmitting and retrieving computer-readable information.
The system and various devices also typically will include a
number of software applications, modules, services or other
elements located within at least one working memory
device, including an operating system and application pro-
grams, such as a client application or web browser. It should
be appreciated that alternate embodiments may have numer-
ous variations from that described above. For example,
customized hardware might also be used and/or particular
elements might be implemented in hardware, software (in-
cluding portable software, such as applets) or both. Further,
connection to other computing devices such as network
input/output devices may be employed.

Storage media and computer readable media for contain-
ing code, or portions of code, can include any appropriate
media known or used in the art, including storage media and
communication media, such as, but not limited to, volatile
and non-volatile, removable and non-removable media
implemented in any method or technology for storage and/or
transmission of information such as computer readable



US 9,443,093 B2

23

instructions, data structures, program modules or other data,
including RAM, ROM, Electrically Erasable Programmable
Read-Only Memory (“EEPROM”), flash memory or other
memory technology, Compact Disc Read-Only Memory
(“CD-ROM”), digital versatile disk (DVD) or other optical
storage, magnetic cassettes, magnetic tape, magnetic disk
storage or other magnetic storage devices or any other
medium which can be used to store the desired information
and which can be accessed by the system device. Based on
the disclosure and teachings provided herein, a person of
ordinary skill in the art will appreciate other ways and/or
methods to implement the various embodiments.

The specification and drawings are, accordingly, to be
regarded in an illustrative rather than a restrictive sense. It
will, however, be evident that various modifications and
changes may be made thereunto without departing from the
broader spirit and scope of the invention as set forth in the
claims.

Other variations are within the spirit of the present
disclosure. Thus, while the disclosed techniques are suscep-
tible to various modifications and alternative constructions,
certain illustrated embodiments thereof are shown in the
drawings and have been described above in detail. It should
be understood, however, that there is no intention to limit the
invention to the specific form or forms disclosed, but on the
contrary, the intention is to cover all modifications, alterna-
tive constructions and equivalents falling within the spirit
and scope of the invention, as defined in the appended
claims.

The use of the terms “a” and “an” and “the” and similar
referents in the context of describing the disclosed embodi-
ments (especially in the context of the following claims) are
to be construed to cover both the singular and the plural,
unless otherwise indicated herein or clearly contradicted by
context. The terms “comprising,” “having,” “including” and
“containing” are to be construed as open-ended terms (i.e.,
meaning “including, but not limited to,”) unless otherwise
noted. The term “connected,” when unmodified and refer-
ring to physical connections, is to be construed as partly or
wholly contained within, attached to or joined together, even
if there is something intervening. Recitation of ranges of
values herein are merely intended to serve as a shorthand
method of referring individually to each separate value
falling within the range, unless otherwise indicated herein
and each separate value is incorporated into the specification
as if it were individually recited herein. The use of the term
“set” (e.g., “a set of items™) or “subset” unless otherwise
noted or contradicted by context, is to be construed as a
nonempty collection comprising one or more members.
Further, unless otherwise noted or contradicted by context,
the term “subset” of a corresponding set does not necessarily
denote a proper subset of the corresponding set, but the
subset and the corresponding set may be equal.

Conjunctive language, such as phrases of the form “at
least one of A, B, and C,” or “at least one of A, B and C,”
unless specifically stated otherwise or otherwise clearly
contradicted by context, is otherwise understood with the
context as used in general to present that an item, term, etc.,
may be either A or B or C, or any nonempty subset of the set
of A and B and C. For instance, in the illustrative example
of a set having three members used in the above conjunctive
phrase, “at least one of A, B, and C” and “at least one of A,
B and C” refers to any of the following sets: {A}, {B}, {C},
{A, B}, {A, C}, {B, C}, {A, B, C}. Thus, such conjunctive
language is not generally intended to imply that certain
embodiments require at least one of A, at least one of B and
at least one of C to each be present.
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Operations of processes described herein can be per-
formed in any suitable order unless otherwise indicated
herein or otherwise clearly contradicted by context. Pro-
cesses described herein (or variations and/or combinations
thereof) may be performed under the control of one or more
computer systems configured with executable instructions
and may be implemented as code (e.g., executable instruc-
tions, one or more computer programs or one or more
applications) executing collectively on one or more proces-
sors, by hardware or combinations thereof. The code may be
stored on a computer-readable storage medium, for example,
in the form of'a computer program comprising a plurality of
instructions executable by one or more processors. The
computer-readable storage medium may be non-transitory.

The use of any and all examples, or exemplary language
(e.g., “such as”) provided herein, is intended merely to better
illuminate embodiments of the invention and does not pose
a limitation on the scope of the invention unless otherwise
claimed. No language in the specification should be con-
strued as indicating any non-claimed element as essential to
the practice of the invention.

Preferred embodiments of this disclosure are described
herein, including the best mode known to the inventors for
carrying out the invention. Variations of those preferred
embodiments may become apparent to those of ordinary
skill in the art upon reading the foregoing description. The
inventors expect skilled artisans to employ such variations
as appropriate and the inventors intend for embodiments of
the present disclosure to be practiced otherwise than as
specifically described herein. Accordingly, the scope of the
present disclosure includes all modifications and equivalents
of the subject matter recited in the claims appended hereto
as permitted by applicable law. Moreover, any combination
of the above-described elements in all possible variations
thereof is encompassed by the scope of the present disclo-
sure unless otherwise indicated herein or otherwise clearly
contradicted by context.

All references, including publications, patent applications
and patents, cited herein are hereby incorporated by refer-
ence to the same extent as if each reference were individu-
ally and specifically indicated to be incorporated by refer-
ence and were set forth in its entirety herein.

What is claimed is:
1. A computer-implemented method, comprising:
under the control of one or more computer systems that
execute instructions to provide one or more services to
a customer of a computing resource service provider,
storing a set of one or more policies that include a
policy addition policy that specifies one or more
conditions that are conditions precedent to changing
a set of policies, wherein the one or more conditions
include a requirement for a delay of enforcement for
proposed policies;
receiving a request to add a proposed policy, the policy
addition policy being applicable to the proposed
policy;
determining, based at least in part on information,
including a time indicating when the proposed policy
is to become effective, the time included with the
request, whether the proposed policy complies with
the requirement;
wherein, as a result of determining that the proposed
policy complies with the requirement, causing the
proposed policy to become effective in accordance
with the time indicated; and
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wherein, as a result of determining that the proposed
policy fails to comply with the requirement, causing
the request to be denied.

2. The computer-implemented method of claim 1,
wherein causing the policy to become effective includes
causing one or more notifications of the request to add the
proposed policy to be transmitted.

3. The computer-implemented method of claim 1,
wherein causing the proposed policy to become effective
includes providing an ability to prevent the proposed policy
from becoming effective under a set of one or more require-
ments that is less stringent than another set of one or more
requirements for removing a policy from the set of one or
more policies.

4. The computer-implemented method of claim 1,
wherein the information provided with the request includes
an encoding of a policy document defining the proposed
policy, the policy document encoding a value from which
compliance with the requirement is determinable.

5. The computer-implemented method of claim 1,
wherein:

the request is an application programming interface call

having a set of application programming interface
parameters; and

the information provided with the request is a parameter

from the set of application programming interface
parameters.

6. The computer-implemented method of claim 1,
wherein:

the set of one or more policies apply to a set of computing

resources managed on behalf of the customer of the
computing resource service provider; and

storing the one or more policies includes storing the set of

one or more policies with other sets of one or more
policies of other customers of the computing resource
service provider.

7. The computer-implemented method of claim 1,
wherein the method further comprises:

adding the proposed policy to the set of one or more

policies;

receiving a second request to which the proposed policy

applies;

determining, based at least in part on the time indicated,

whether to use the proposed policy in determining
whether to fulfill the request; and

evaluating, consistent with said determining, whether to

fulfill the second request.
8. A computer-implemented method, comprising:
under the control of one or more computer systems that
execute instructions to provide one or more services to
a customer of a computing resource service provider,

receiving a request for a change to a set of one or more
policies;

determining, based at least in part on the request, whether

the change requested satisfies one or more requirements
of a policy that specifies conditions precedent for
policy changes to become effective, at least one of the
one or more requirements being that an effective time,
included with the request, complies with a requirement
for delay for the change;

as a result of determining that the change requested

satisfies the one or more requirements, enabling the
change to become effective in accordance with the
requirement for delay; and

as a result of determining that the change requested fails

to satisfy the one or more requirements, causing the
request to be denied.
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9. The computer-implemented method of claim 8,
wherein the change is an addition of a policy to the set of one
or more policies.

10. The computer-implemented method of claim 8, fur-
ther comprising causing one or more notifications of the
request to be transmitted.

11. The computer-implemented method of claim 8, further
comprising:

receiving a request to cancel the change before the change
becomes effective; and

disenabling the change from becoming effective as a
result of receiving the request to cancel the change.

12. The computer-implemented method of claim 8,
wherein determining whether the change requested satisfies
the one or more requirements includes determining whether
an encoding of a proposed policy includes a parameter that
indicates an enforcement delay consistent with the one or
more requirements.

13. The computer-implemented method of claim 8,
wherein further comprising:

receiving a second request;

selecting, from a set of policies, a subset of policies that
encode an effective time indicative of currently being in
force; and

determining, based at least in part on the subset of policies
selected, whether to fulfill the second request.

14. A system that provides a service to a customer of a

computing resource service provider, comprising:

a frontend subsystem of the service of the computing
resource service provider that receives requests to
change policy; and

a policy management subsystem of the service of the
computing resource service provider that, upon receipt
of a request for a change to policy by the frontend
subsystem:

receives information from the frontend subsystem based
at least in part on the request;

determines, based at least in part on the information
received, whether the change requested, including an
effective time included with the information, is in
compliance with one or more delay requirements of an
existing policy that specifies conditions precedent for
policy changes to become effective;

as a result of determining that the change requested is in
compliance with the one or more requirements, enables
the change to become effective; and

as a result of determining that the change requested is out
of compliance with the one or more requirements,
disallows the change from becoming effective.

15. The system of claim 14, wherein the requests are web

service requests.

16. The system of claim 14, wherein the information is an
encoding of a proposed policy.

17. The system of claim 14, further comprising a notifi-
cation system that, as a result of receipt of the request,
transmits one or more notifications.

18. The system of claim 17, wherein transmission of the
one or more notifications includes transmission of a notifi-
cation to an identity specified as having authority to cancel
the change.

19. The system of claim 14, wherein the policy manage-
ment subsystem further, upon receipt of a second request:

selects, from a set of policies, a subset of policies that
encode an effective time indicative of currently being in
force; and
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provides a determination, based at least in part on the
subset of policies selected, whether to fulfill the second
request.

20. The system of claim 14, wherein the policy manage-
ment subsystem further enables cancellation of the change
requested before the change becomes effective.

21. One or more non-transitory computer-readable stor-
age media having collectively stored thereon instructions
that, as a result of execution by one or more processors of
a system that provides computing resources of a computing
resource service provider as a service to an entity, cause the
system to:

manage a set of policies for access to the computing

resources of the computing resource service provider
on behalf of the entity;

receive a first request for a proposed change to the set of

policies;

based at least in part on the first request including infor-

mation that indicates an amount of time in accordance
with one or more requirements for delayed effective-
ness, specified by a policy on policy changes, of the
proposed change, process the first request so that the
proposed change is cancellable, before becoming effec-
tive, at least for the amount of time; and

on a condition that a second request to cancel the pro-

posed change is received by the system before the
proposed change becomes effective, cause the proposed
change to be cancelled.
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22. The one or more non-transitory computer-readable
storage media of claim 21, wherein the instructions further
cause the system to cause transmission of one or more
notifications of the proposed change.

23. The one or more non-transitory computer-readable
storage media of claim 22, wherein transmission of the one
or more notifications includes transmission of a notification
to an identity specified as having authority to cancel the
proposed change.

24. The one or more non-transitory computer-readable
storage media of claim 21, wherein, before the proposed
change becomes effective, the proposed change is cancel-
lable pursuant to one or more requirements that are less
stringent than other requirements effective after the pro-
posed change becomes effective.

25. The one or more non-transitory computer-readable
storage media of claim 21, wherein the first request for the
proposed change includes an encoding of a new policy that
includes information indicating a proposed delay for the new
policy to become effective.

26. The one or more non-transitory computer-readable
storage media of claim 21, wherein the instructions further
include instructions that cause the system to, as a result of
the first request lacking the information indicating the
amount of time, denying the first request.
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